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In the applications considered, the essential influence of Equations (10) and (11) are sufficient to calculate the 
the density changes on the flow is taken into account by the boundary-layer thit^kness 5 and the velocity u when the 

introduction of the expansion coefficient 3. The other in- shape of the velocity and temperature profiles within the 

fluences of variable density on the flow and the variation of boundary layer and the laws for the shearing stress and the 



REPORT 1015 — NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



c 


8 a 


Z o 
>» 


' I 

'P 


I S 

1 " 

c bn 
w « 

2 


*3 "S 


S d 

«i 


s ® 

2 I 

& ;e; 


& a> 
«3 M 

S a 
8 ® 


o .t2 

S 

•£ « 

a > 

s « 

to 2 

•g © 
o ^ 

>» o 
a» 


II 

l| 

C 3 S 

S r 



i> 

CO 




^ ^ 
ii) 

O ® 05 

Ls I 

^ S <=3 
^ ^ CT^ 

4^ 


O) 


(N 


nd S 

a o 

- I 

- 

2 -+^ 
"'j '5 f? 
13 r ^ 

^ <D 
Tt» 03 rj 
Ui ® 

§ ^ d 

O CO M 

O) - 

o 

a 

c3 


cS 

=} „ 
qj CD 

•M-t 'O 
® 

® ,o 

CD 

^ O 

r?;' II 
pp ^ 


<0 

s 

o 

o 


.s i 


CO 

to 

CO 

CM 


CO 

lO 

to 

CO 

o 

<M 

O 

d 


d 

II 

O 

II 

II 

?3i 

II 

?5> 

'*«3 

5>> 

''53 



<t> 





as m 

^ C 

s. s 

s - 

^ ■§ 
^ a» 

c3’^ P 

b| 

*o 

^ > 
05 d 

> 8 

^ "i 

Lj 


c2 

§ S 

. - &H 

§ 

■® ? 


^ gS 

§ - 

«5 

to 3 


O ^ 

CD ,P 


<D CP 

pf)^ 

*H ^ 

^ <4-< 

O 

l>i «} 
C» 

<P <P 

> d 

s| 

*5 

p 


C d 
aS O 


c 

E« 8 

c3 o) 


O 

as 

d ^ 

d r^ 


O S ^ 


W ^ 

® 5 

CO O 
d CD 
CD d 

s3 O 
^ *43 


d ® 

> CO 


o JJ 
<v 'd 


<p 

d3 


00 ^ 
<p ^ 

o o 
d dii 

i-i 

CP o 
<P 

o 


^ O) ^ 


W 53 

© 

4-3 

© 

b 

73 

Sh 

© 

X 

i s 
1 i 

© 

4^ 

CO 

^© 

9 

d 

d 

p9 

s 

d 


P— H 


© 

© 

Oh 

a 

© 

X 

a 

rg 

43 

d 

d 

-O 

p 


o H 

-§ •• ^ 
d ? 

S d ^ 

CD ^ O 

3 -5 s 
g 2 -s 

® d o 

QQ g 

i.t 8 

M ^ 8 

': ^ =f= 

^ 2 ^ 
c3 t3 

<P 


^ ^ w 

o ^ ^ 

^ ^ Qj 


CD 

s^.e 


c- 

q; 


5^ >5 


2 d d 

^ c I 
h § § 

-d X .2 

S -io 
o -d 

c ^ "d 

^ o 
o .. d 
^ d 

c 3 5 
^ . ~ 
- c d 

"d CD o 
d ^ ^ 


-ij td 


d P-i 


Q> 

t» 

Oi 

bS) 

d 

CD 




o 

qS 


fill 

•3 ^ S 
” S 

<i> o , 

^ aM 

fc>^ ^ 
d r-! (D 

s|^ 

C5 

s 

d 


CD 


cd ® 

o 

*53 

§ 

(P CO 

^ .S 

^ cb 
> 


d 

o 

d 

P 

d 


O O) d 

CD (P 
c3 

d ^ P 

g ^ :g 
>< ® ^ 
2 d 

a g 

Oh 

d X «3 

O 

d d 

d CP O 


^ 2 


d 

T3 S 
d g 
O Oh 
Oh d 

ID g 

o> O 
H 

I'g 

O 

O) P 
Oh 
d 


12; 

o 

I— I 

H 

B 

Q 

O 

H 


© -d 

M Oi 

d S 

d 03 

Ph HLd 

I* 

^ AT 


© 


T? d 
d d 
d ^ 

.t^ o 
© ^ 

O d 

'g g s 

t> .2 


© 


d 

.2 

*43 




Oh 

'*'=* !d' c3 

d 

rH © 

73 tiJD ^ 
d -S H 

^d 2 


Oh © 
O d 05 

© 

tj CD is 

S ^ 

5 o 

® flCl 

CD ® 

d ^'■p^ 


CD 

© 


Oh "d 
© 


g 

W c 8 

I ^ ^ 


"d 

■“ 2 ® 
±> e 2 


8^ 


© 
© 
> 
d 
o 
© 

S. i 

«3 ^ 
p4 

05 40 

© d 

-I - 

^ d 

S "S 


d 

.2 ^ 

4-3 ••“• 

2 05 

a ^ 

o 33 
^ p 


^ ® C 

HJ O «-H 

P *-S I— H 

■^21 
'+1 fe 

0 © '^ 

© 

s "" -5 

p 5 ^ 
'd g 

> ^ p 

"d ^ ^ 
|1 8 

1 § i 

S g.» 

a-d 


I 2^ 

?> c .5 

3 ^ 2^ 

^ 4J. d 

d pi 
d ^ © 
^ 2 ^ 

. ^ 
CO 5 ^ 

s a I 

g « ^ 
a s 

8 s-S 

P g 
I O <C) 


I’" 

•p I 
>•5) 

CD 

© © 
p p5 

d ^ 
g > 

4-3 f>^ 

P ."d 
-d © 

o> p2 

d © 

^ > 

y d 
e © 

^ d 

© CD 

d d 
d p 

^ s 

© © 

H ^ 
© 

p^ p 
• ^ d 

© 3 © 


© CD 

> s 

d .g 
jd ^ 

|pS 

jiH 


© 

> 

© 

d 

© 

© 


d p 
© g 


© 
p5 

'd 
> © 
P -rS 


CO I © t 

p 2 2 fa S 

^ fa d 
^ O 4* rj 

9. ^ 3 

O © 

*g O 

8 ^ a a 
^ 8 -2 g 
H ® ® „ 
^ .a 2 

J c a 

^ d p 


d 


d 

d 

.SP 

*OT 

d 


.P 


d $ O 

.5 ^ 

X5 d 

fa ^ p 

O ci d 

d .5 ^ 


I 

fa P 
<=3 pjd 

CD ^ 

d 

2 

»o ^ 

o 


<M 

J £ 

g S) 
®^« 
-s.a 


a 

a-8 

Is 

O-d 

i’®’ 

2 

£ d 
cd 

p 9 

i ^ 

^ d 

- 

4-3 
’© 

O 


2 I 

=§ ^ 
d 
o 


d 

£ 

S 

d 

© 

s 


CD 


^ d 
P 2 

£ S 

d S 

0 d 

© CD 

1 I 
£ S 

*d ^ 

d -5 
© ^ 

^ s 

^ £ 
d ^ 

z ^ 

«H-H © 

O d 
P *d 

d pO 
pTj O 

“ © 
© Xi 

•5 o 

. O) 

«H-H 

O d 

^ s 

O o3 
*43 « 

d CD 
© © 

d 3 


d S 

© ^ 
o 

^ *HH 

p 2 
§ 

a CO 

a 

® ® 
4 'a 

2-2 

JP ^ 

«+H © 

A1 J*' 


o .a 
a ^ 

otg 

3 « 

1-^ 

d o 

e_ P 

© ^ 
tiC g 
d P 
-fa © 


s 

© 

4.3 

d 

.2 

*43 

© 

© 

> 

d 

8 

d 

© 

© 

-I 


I 

d 

pO 


CO S 

2 :2 
fa ^ 
2^ p 

be CD 

td p 
d ^ 

•- pX^ 

d .2 
© ^ 
•+^ ^ 
d ^ 
p 

03 

£ 

a, 

© 9 
^ 2 
d 43 

S a 

« r-T 
O w 


S.S t 
t; « ^ sf 

5 ^ «a 

^ d O © 

•s -4 a I 

JJ ^ >.«2 

© 3 ® a 

a, §0^ •= 

^td ■® 

s-s ^ i 
® !-§«§ 
2 JJ ® 

a « 2 

O o pP 

a § « fs 

® “*3 •© 

© d 

2 sa a fcT 

® gj 

S • a i 

^ O 

■g 

S® (3 

3 a O . 

“5 .2 p2 

•■^ ,5 o ^ 

S S d 

cd ^ ^ o 

^ d CO 


r 

d 

d 

d 

0 ' 

pO 

1 

© 

d 


^ d 

pO ;> 

d p 
© pd 
dn '*^ 

f 5 

"d p^ 

s § 

.2 ’’^ 

_ CO 

^ p 


^ d 


"S d O} 

2 o 2 © 

Oh © *^ © 

© p .22 

fa £ -^ 

s ^ ^ 

g 4-» 
p4 rH d 

S p 


d g 

.2 ^ 
43 © 
d J> 
§4 P 

© *5 

Ss4 CD 

pp bC 
d 

.9 ‘?3 

^ pO 

o rd 
© © 
«:a 


1 I w 

^1 
4.3 be 
to d fd 

II *5 d 

^d P^ 

2 9^ 

^ d 4^ 

© 4^ 

pd d o 

^ .2 o 

4.3 

8> g ® 

p9 © ®5 

^ p © 

CO d 

d 4-5 t> 

d 

d d d 

^ S £ 

o d = 

^ cd 


<1 




d 

— ^ CD 

^ d 
® M p 

■5 J a 

44> 

© 

05 d 
c; d 
® .2 ^ 
sg :§ 

© £ Ji 

^ & 03 

-£ S p 
9 p ^ 

d.§ ‘3 

^ CD 



j £ 

‘S r!^ 


-t: ® 
aj C 





1.0 


CO 

(M 


m 

d 

pC4 

z 

O 

P5 

W 

W 

(-5 

Ph 

Cl 

Z 

o 

z 

o 

H 

> 

z 

O 

V 

w 

« 

Ph 

H 

;z; 

w 

PQ 

[x< 

o 


Cl 

< 

z 

< 


u 

o 


m 

(D 

‘S) 

CO 

S o. 

03. 


C 

crj 

a 

c 

c 


c3 

o 

<D 

h£) 

c 


s- 

5^ 

Oi 

d 

+ 


5-. 


lO 

00 




f-. 

<D 

I 

u 

oS 

C 

C 

o 

CP 

.<D 

C 3 


(M 


03 

d 

+ 


ft 


55 , 

lO 

<o 

lO 




O 

r2 ^ 

l> 


to 

(M 


a' 

c 

a 


e*H 0> 

CO 03 

<u .-• 

^ I 

o o 


o 


y> 

a 

o 

C3 


.S2 


O) c 
C o 

-5 t' 

C ’"d 
c3 C 

ci 3 

o 

J 

^ -t^ 

C H 
bC.S 

'm pg 

a ^ 


rO 

O 


03 

d 

+ 


CD 

CO 

CD 


-•^ O ^ 

J ft<s 

= XI 

fcJD 4) 
C ^ C 

;g § ^ 


D 

OO 


<ij 

CP 

s .. 

<X) 

03 a 

^ .2 


^1 


§ 

g 


p-t 

CD *Ci 

"S © .2 

I C3 

J > ;! 

CD Ch 

2 ^ 
© C3 

c3 

> 


C 

o3 

a 


c 

D 

O 


c3 


«r> 

<M 

t'- 

(N 

d 


rj *0 d * 

d 

g 03 .2 .2 

C3 03 4J 

4-=> © d 

d 

^ d d 

d 

© C<1 ^ 

0 ^ 

>,s ® 

© 

_2 cd ® 
^ ^ d 

*4-1 

0 


© 

d ® ^ 

•a 2-® 

CO 

d 

a 

d © ^ 

© 

d 

d © 0 

4-3 

. 0 'pi 

d 

-s|.i 

^ -13 

4 ^ 



© 

cij 

OD 

Ph 

>^*2 

CP © 

Ph 

03 2 

© .tJ 

C 03 

o — 

*03 © 

g -S 

a o- 

■-3 ® 

<4-1 

o3 O 

a © 
&£ 
03 

03 5 

© ^ 
C t>D 

2 

^ J 
"S 2 
a " 


© 

C3 

H 



8 

H 




*o 


a ci 

O ^ 

;5 


-4-S 

d 


o 

6C 

.a 

^ 03 

d <i> 


p. 

03 

d 

+ 




55, 

to 


?a w) 
© ■' ^ 




u • J 

^ 3 S 

s ® a :! 

cc> CP .2 

S 1 J 
J1 ^ ^ a 

^ bo ® § 

.3 o d 

© -e .. 


d - 
© d 
*cD '■d 

© 
o 
© 


© 


i3 ^ § 

,3 




»2 

^ © 
© 
d 
oS 

-•-3 
03 


;h 2 

S C CO 
« J- ^ 03 

^.2^ a 

c3 03 P*> 

jr c- 


© 


d 

d 


CD 

(M 


P-. 

N — ^ 

03 

d 

+ 


ik 

fx, 


55^ 

to 

03 

(M 

O 

d 

II 


op 


bD, 


I 


<.A «*■ 

^ ^ d 'cD 

a g d ^ 

£ ^^d“ 

- S 2 J d 

c3 -U .d d 

-e 2 c d .2 

B « * ® 

^ _2 r, 


+J -Ui 

d d 

,2 
’© 


© d _ 

&.S i.s 

® — «3 s- 

■B S'3-.g 


i 

d ^ ^ 


O *S W) g 
d **-• 2 

a ^ J 

03 M c3 

2 S § 

m ® ^ O 

'd ^ d (D 

5 S > 2 ^ 

^ d rd +3 

p-i ^ be -*^ 
d d 2 o3 

^3 ^-ZB 

g a 

d © 


*•*3 

d 

d w 

C7* Ph 
© 


a 

o 

© 


03 

© 

© 


s o 

.2 C) ^ 5E 

is| 

'^.2 © 

© ^ § 
d g 

d . ^ 

'•■3 t>i -1^ 

.2 b d 

■d ^ 2 

2d® 

■5 © §> 

CP 2 

0 2 £ 

^■ 3.2 

1 d s, 

a .2 s 

© & be 

^ a d 

d C2 

5o 

o W3 03 

-2d© 




E~* © 


03 
03 © 

© rt 

d ^ 


s ^ s 

^ d — 

^ 4^ © 

.2 ^ 

© 

4^ 


p^ 

o 


o © 

'i s 
£ a 

a--® 

« r! 


© 


2 ^ 
© ^ 


d ^ H 
d 13 

1 ^ s 


0 : 

© 

a 

o 

© 

© 

CP 



© 

d 

o 


d 

u* 

© 

© 

a 

P4 

© 

d 

I 

© 

© 

d 


H 




O 

^ :ip 

10 I 
(M 

1—1 o 


s 

« 

'h 

T 

6 


d 

.2 

*^ 

2 ® 
d -e 
d 

o "- 

Pi ^ 


^ 'g 
H S 


f ^ 


+ 

s 

H 

CM 

s 

+ 


CO 

<M 

to 

O 


© 

d 

> 

l>t 

d 

d 

© '' 
o 2 

«^-H 

:a 

*d -s 
> 

© ^ 

CP ,© 

4 ^ ‘-^ 

§ g 

a^ 

^ © 
03 ^ 

Vw/ 4J 

. CO 

nd d 


o 

<M 


?s 




1 

SI-*< 

a 

ItH 

1 

t^ 

1 

11 

SU 

col 


8 

+ 

g 

1 

^ 

P- 

Qs 

a d 
d R 

+ 

H 


00 «+H 

sS 

cS 

8 

C:) 

to 

03 

03 

0 

Clc ^ 

^ 03 

© 4-3 

§ g 

ft 

03 


d 

§ 


+ 

a 

II 

d ^ 

cr X 
^ © 


'■ — ^ 


© 2 


CD 


03 d 


CD 


d 


CO 


d 

© H 



?3 

+ 


© 


s 

"3 


d 

.2 

*4J 

*-3 

d 

o 

© 


d 

C3 

d 

© 


© 

CP 

d 

d 


"§ 

d 

^ l(M 


© 

> 

"o 

03 

© 

CP 

d 

d 

© 


d 

.2 

'-f3 

d 

d 

cr 

© 


d 

d 


03 

03 


© ^ 
d 4^ 


p. 

fX, 


o 

03 

00 

CD 

o 


o 


© 

PQ 


C3 « 
© 


© 

^ =2 


03 

© 

> 

be 


d 

.2 

‘-IS 

d 

d 

© 

o 

4^ 

d 


d 

d 


C 

o 

© 


be 

d 


rO 

O 


03 


+ 


! 3 

CM 1 <33 
ICQ. 

1 ^ 

00 


o 

d 


O 



OD 

a 

P 

o 

<! 

O 

W 

W 


o 

o 

O 

QQ 

I— ( 

> 

h:i 

0 

< 

1 

I 


u 

2 

W 


4j 


2 22 


c3 

P 

cr 

O) 


£ 

o. 


-S P 


o; 

a 


o 


o . 


<0 


p 

<x> 

p 

o 

a 

0^ 

<S) 


P ^ 
o 

'S 

p p 

cr" ® 

CD CO 

^ § 

^ .2 

a c33 

a> 

rP »P 

s^ 

P ^ 
.P o 

tn 

qp 0) 

s ^ 
a 

w ^ 
;ih 

-*-3 +3 

OQ ^ 
Ph 

^-3 

afe' 

P ^ 
O c3 

1 ^ 

O' 

0> 

p 

<v 


CD 

a ^ 

O P 

o p 

CD 


P ^ 
o p:} 


S' -S 

0 'S 

l> 

'si: 

p 53 

cr np 

^ P 

O CD 

’§ 
^ &a 

S s 

o ;-. 

o <p 

«4-» 

2 p 

i» 

f-t 

C^ X 
o 2 

II -f 

s^ 2 


c ^ 

CD Pi 

a a 

So 
ll) s. 

CQ 

+3 •'^ 

o 
-O 


<D 


§ 

a I 

•S £ 
.2 ^ 
^ -S 

« 3 

g CO 

A 




^ 02 I 

2 *> p 
^ P <D 
CO Cl -P 

(D 

^ 2 
" § £ 
■S M 

^■cS <V 

p 

S O Ph 

''^ 4-3 

^ OO 

3 2 

§.§■= 

<D 0) CO 

>>S J 

Pi g np 

P O 02 

g ■ - =3 

-- 3 ~ 
6 J 0 P 2 
‘P ^ 


P 

<D 

O 

a 

a 


o 

p:^ 


P Pi 
be i: 
p p 

(fi ^ 
CO <D 
O _p 

P 


P 

P 


g g 

a sj 

CD «4-( 
O CD 
P ?-< 


d 

to g 


d ^ 

p 

d 

d 


0 d 

0 

CO P 


^ to 

d 


(M 


^ -22 c» 

O "Ti 03 

Pd CO 

2 ‘o 02 

'o g 

> fH 

. o:» 

o ^ 

tp .S 


X 

p 

a 

<D 

rP 


P o 

> p 


CD P *S 

.22 CP 

np 'w ^ 

« O 

S 3 o 

^ § 
r-H CD 

f> a 


p 

Ph 

p 

p 

s 

2 

a 

P 


P 

CD 

a 

p 
p 
tH 

^ bJD 

" P 4-3 

2 P 

.22 o 


^ Oh 


. -5 4^ --S 


P 

-P 


P I 
,P P 

^ § 
^ f 

P o 

^ 5 
.g 'S 

p 

^ a 


p 


P CD 

a 

p Pi 
p p 

o > 

rO 


P 


P 
P 

2 W 


p 


p p 
CD rP 
P Uh 
P 


4-3 f-j 

-p; be 
p ^ p 
p , p 

f-H 

I 8 ■§ 


X5 P 

4) Sh 

S 2 

3 A 

5 a 

^ o 

2 g 

CO *P 

^ o 

Is 

o, p 
pp 
P +3 

a O) 

O c3 
O 

w C-( 
Sh O) 

a^ 

p 


p 

rP 

4-3 

P 

o 

p 

rO 

P 

P 

P 


P 
> 
'p 


s g 


a s 
g s 

h o 

CO iP 

.a ^ 

P 

P si 

p p 

- ;>3 


d 

HH 

p 

p 

o2 

p 


p 

p 


d 


d 

P d 

0 

d 


t? P 

p 

p 

0 

t 

P 

P 

P P 

ft § 

43 



P 0 


d 


P P 


p 

P CD 

'o ^ 

O <D 
P P 

a ^ 

P o 

a p 
a| 

'p T 

p ►>> 

3 3 

CD > 

P 

P P 

S CO 

p 

p ^ 

'B 3 
a 

p 

, u 

p p 

a ^ 

^ p 


^ a 
^>. 
p ^ 

p p 

a p 

CO ;:3 

^ o; 

"p -O 

0 

4-3 .3 

c3 

■5^ 
g § 

1 2 

r3 ®3 

B p 
^ p 

p" _b 
be ^ 
o te 

go 


q3 

g O; 

P P 


P 

o 

p 

p 

l> 

p 


, 43^ O 

o 


-P ^ 43 


P 

P 


^ p 
p p 


p tH 
CO 

QJ ^ 

a g 

2| 

P P P 

P^P P P 

-P 43 > 43 > 43 


"3 ^ 

p 

t4 P 

P P 

' P 


l>3 O 
P 43 

a jn 

43 

p te 

^ g 

A^ 

O) P 

43 ^ 

^ P 
O > 

Cj (D 

.2 ^ 
to 43 

§ P 

a - 

p ^ 

•Td 

r-. 

3 £ 

« O, 

O g" 

-s a 

&H O 

o o 

p ^ 

P 3 
H S 


p 


‘p 

"3 CO 

ci p 

p ^ 

§ a 
.2 '5 

CO . 

^ a 

c I 
a 3 

-a u 
X o 

I 


43 ^ 

Dl t-< 

P P 

Oi ^ 

^ o 

^ 2 
43 O 

P P 
8 p 
p^ 

B o 

43 

c ci 


cc 

H 

P 

03 

P 

PlH 

P 

o 

5H 

P^ 

<3 


P 

OQ 


JL o 

P '5 

P ^ 

*D> 


CO 

2 § 


P 

C o 

P 

.§ a 

X c3 

P 

« 2 
vp jL^ 

a .2 

vp 43 

M § 


P rH 
^ P 

'p ^ 

a o 

’p p 

S 43 

> P 

P 

P P 

ci a 
o -3 

Dh tH 

a M 

^ <4-1 

3 c» 

b.i 

IJ 

a o 
p ^ 

2 ^ 

p p 

CD 

a o 

•s o 

« .2 

<D 4-3 

> P 
d 3 

go 

p 
p 


43 0 -. • 43 

d ^ .a P 

P P ^ 

o i ^ i 

"g iC ^ fi 

o 2 - .2 

S. g o 
g. C3 5g 
P (/3 p 

O 43 P O 

“Sli g 


M g 

d to 
p p 


d p 

•rH O 


o a 

^ p 

s 2 

A A 

P 


o 


CO 

d 

. p 

U 

P -f 

43 

g g 

3 -O 

P P 

^ P 

P 


^ P d ^ 

^ a « S -ts 2 


CO 


p 


^ O 


p p i 3 


d 

p 

d ^ 

P -u3 

a 

S "a 


CO > 

be3 

.2 a 

p t> 

p p 

P o 
« P 


cp o 

o > 

^ *d 

04 8 

«4-H "~0 

O CO 
CO 

P 

p _3 

P p 

o E 


P <H 

P ^ 


CO 




® s 


•B I 

« ?3 


® S 

* I 

.2 5 

.S2 

6 B 


i I 

a -g 

.S § 

':^ o 
_ . 

P o 


2 

P 

p 

^ to 

O g 

. -C 

p 3 ' 

p p 

o 


p 

> p 
p d 
p p 

3 2j 

S 2 

P 

a o 


O c 

p 

p 

P u 

■- s 


P ;l4 

3 .2 

§ "o* 

.2 g 


CO 

O 

P 

|2i 

o 

D3 

H 


43 *p p ?: 


d ^ 


a ^ 

a ^ 

c-> ;-4 

GJ 

^ a 

o a 

o ^ 

be <4--i 


CO p 

c3 ^ 

^ O 


p 

0 > 

43 

-3 •“ 

CO 3 
p ^ 

1 § 

l> O 

« 4-4 

p ^ 

p 


0 P 

§4 2 

1 S 

g a 


2 b 

CD I— H 
*?> ^ 

O c 3 

CO 

"p 0 

d o 

2 ^ 

'd <2^ 

. P (-H 
"p ^ 

0 0-4 

- 3 

p p 


p 


o p .t^ p 

o P o P4 

<U H 2 .o 

^ a p 

P > +3 


p g 

® P . 
5 P 

i|S 

£ ^ 

o ^ 

S 2 

O PC 

a o 

> 

Q 

E4 <1 

PC 

o 


« 

1^ 

o 

►H 

to 

d 

p 

p 

O 

« 

CM 


o 


Q 
!? 

d 
d 
> 
d 
d 

i3 


CO 


p 

p 


d 

cr 


d 

p 

a 

p 

04 

£ 

.1 


I oi ^ — V 

O P - 

a S 05 


o 

CO 


ci: 


d 

.2 

43 

P 

d 

cr* 

p 

p 

P 


P 

"p 

P 


lO 

lO 

lO 


3 


§ II 

S I 

8 J c^ 

P h 3 ^ 

P O ^ 

^ p 

43 O S 

d i ^ 

P p 43 

S d d 

<44 


-C3 

p 


S3 M 

•3 = 

i ® 

^ p 




(M 

O 


P ^ d 

CO O 

P to 

rH "O d 

p £ o 

^ ‘d ^ 

p p 

'S 

g . g 


p p 
O P 


^4 

p 

_ 04 
p X 
d p 


^ J 

Pi ^ 


d 

p 

CO 

p 

D 4 

04 

p 

p 

p 


p 








H 

o 

<1 

P? 

<1 

u 

o 

w 

o 

S 

Q 

0 

Q 

1 

W 

« 

% 

W 


D 

tn 

Eh 

O 


OD 

fH 

< 

< 


O 

O 

o 


c3 

S 

Oh 

s 

_ o 

«-i o 


o 

« 


H-l 

Q 

Z 

» 

fik 

dm 

< 


a 

_2 

*+3 

o 

0^ 

a 


CO 

1-^ 

O 

S3 

s 

03 


O) 

-O 

a 

=5 

a 

o 

•4^ 

a 

c3 

CO 




<D 

;h 

-J-3 

CS 

;-( 


Cu o 

a - 
a ^ 


f-> 

<D 

|“o 

JS ® 

T? CO 

a 

p "H-i 

0 - 

01 O 
>73 ^ 
’ot £3 

^1 
® ■§ 
!>) g 

+3 {> 

*o g 
o P 


o 

a 

fcJD 

G 


c3 

CO 

a 

O 


"E 


p 

o 

-u *:2 

H-i p 

'S ^ 

^ 73 

b ^ 


tJD 

fl 

^ O 

o3 


c3 

a 

o 


^ '' 
- a: 

O) 


<4^ 

^ CD 03 

o 3 'tlT g 

C3 C3 C3 

s' » b'^ 

^ v^ ^ w 

O CD CD 

03 4-5 

o3 73 c3 

.2 ^ p a 

0^.0^ 
03 O O 
Pi O O 
03 O O 


03 

P 

c .2 

03 _cJ 


b 

73 

a 

o 

^ fe 

O o 


o 

^ *33 

8 ^■ 

g 

o3 « ' 

a g 
>< S : 

03 ' 


c3 

d 

03 

03 

44> 

03 

03 O 
03 

§ cd" 
Ed ^ 


'o' S ■' 

I 4J ^ 

Xi ^ ^ 
'*^0^0' 
aT 00 33 

Q. ^ CO 


CO 

rQ 


73 73 


H. I" 

03 d 


£ & 

2 73 

'3 a 

03 d 

Jh O 

So 


CO ^ ■~i 

o ^ - 

o CO 

“ kT ^ 

-r* >% <L> 


■ S ^ 'S 


-2 S 


CO 

d 

03 

73 


03 

be 

d 


03 

d 

GS 

> 


c3 

03 


s :3 a ^ s a 


03 

{> 

a 

03 d 

^S' 

d 


d 

■§ 

d 

o 


03 

be 

73 

03 

03 

<=3 b 
^ § 
d 4^ 
O c3 


53 




>S 03, to to <3s 


pd 

d 

I- 02 


o 

CU 

o 


d 

o 

73 03 
03 

CO ^ 

d 4^ 

03 O" 

S ” 

CO >-1 

II 

S 2 

® i 

bJD^ 


d 

2 

‘o 

e 

o 

o 

o 


d 

g 


c3 

03 

-d 


03 

!> 

I' 

73 

d 

d 

o 

rd 


03 

CO 

03 

d 

-g 


!3 ^ 

o 


03 

c3 

I- 

03 


pq 


!>. 

7D 

d 

G3 

4-5 

d 

d 

*0 

o 

CO 

p2 

pd 

CO 

C3 

'O 

> 

<4-4 

o 

E 

<4-4 


"tn ” 

o 

d 

S ^ 

d 

.2 


.2 

*-d 

.a 

*45 

.a 

§ 

o 

o • 

c3 

> 

45 03 

> 


g3 XJ 

=2 . 

Gt 

d 3 


o 


^ ptH 
4-5 O 

03 CT* ^ 

^ S O 


.I'M g 

^ d"? 

b> S ^ 

M.- p5 

o td 
■*^ ds 


d 

o 


^ 45 
> 


S C5 

^ a 
-2 s 

75 03 

t2 ^ 


d ^ 

c3 pd 

4-5 4-5 

03 ’r^ 

d ^ 

o 

03 


d ^ 

S -5 

§■? 

o 


d ^ 

03 pd 

45 4-5 

§•? 

o 

o 


c 

eg 

*o 

03 

d. 


O 

pd 

03 

c3 

t-^ 

o 


-d &D 

d S 

8 ^ 


o3 o3 

03 03 


d3 

a 

d 

d 


CO 

d 


5?>i 


:^l eS 
C ' 

03 

pd 

a 

d 

d 


?s 

>5 

4-3 

'o 

p2 

> 

a 

^ s 

^ 'x 

^ d 

03 M 

^ d 

c o 

03 

CO --3 
\ 03 

5 § 


o 

crcd 


pd 

a 

d 

d 


d 

03 

d 

o 

d. 

X 


73 

d 

03 


pd 03 

p—^ <D 

^ r-! CO 
03 73 _ 

i| § 1 

CO 03 Dt. 

03 03 ?5 


dj 03 


a PC 


<o C) C 


S- 


I 


§ 

s 

$3 ?><Pi4 




■j' 

03 7 ? p^ 

M e ^ ■ 

-d 03 
O 2 ^ 

d 

X< 

•fl 

03 

!s ^- 

^ ^ <13 

.1 ^5- 


5 

*d ^ - 7-4 

2 ^ C «> 

3 ^ S CO 

73 ^ P 

.§ 

-2 

03 

W 

2 dj'Sn 

f£ 

<«4 

hd S 2 • *-* 
5 h-< *-d 
.. c: w o 3 

45 

S 

O 

*2 


r o 

> 6 - 

S^Ki 

U _ P. 

'2 c 

3 08 O 03 


H 

TJ 


c 

S 

o3 

d 


§ O 

^ d 

03 

5 o' 

iO 
O Oi 


3 

IcS 


. • ^ W ^ ^ £ S 
- '^ w xj .i 

^ d £ - 


CO 

» 

S3 

» 

Sh 

(3 

S3 


03 

Ul 

jD 
3 

c?* ® 

S 03 

^ r*^ 
2^ 
w 


. . ^ £ 2 
^ ^ W ^ 
1 ^ 


c H 
o 
> 


o 

•: W 

O s 

c4 I 
lf ^ 

O) 

W 


S 

03 

G 

>, 

Q 


C CO 

w ^ 
C 00 

S cc 

B 2 
o- . 
o ^ 

T2 
« £ 
Q ^ 

s 

2 CQ 

03 CO 

'S £ 

o 

.. 73 

03 03 

75 .5 

X O 


03 

45 . 

-S o 
o ^ 
O 


o 

o 

CQ 

ci :=: 

2 W 

r ^ 

03 o3 


-Q 

03 

w 


c 

o 

OQ 

>> 


O 

u 


2 .2 

S S 

CO 

ri ^ 

a 03 


2 

to r*i 


B w 

^ i 

03 ■” 

W 2 

I s' 

.. 03 
^ -P 
o 

M o 


03 

> 

G 

*t-i 

O 75 
r- O 

§ c£ ♦ 
- Ph ^ 

CD -- <N 

*g O 2 

«3 . O 

S X. CO 

s 2 

H a P^ 

03 

^ S4 


H 

a 

•-^ 


o 

75 


03 

G 

- W 
00 

d 

02 

c 3 

CM < 

g 

*S 

02 

^ . 2 ^ 

.2 

45 

d 

1942 , 

Dav 

o 

03 

> 

d 

03 

P 

-d 


‘ W 




O d 
’C 

G PP 
03 .. 

PH ^ 

G u 
O o 3 
d O 

.2 PP 

^ c 

^ o 


bo Jj be 
C be C 

3 g 5 

03 »- c» 

»- S J:: 

45 -Q o 

»- iD 

.§ 

I = I 

Sag 

-5 I '2 

^ £ !B 
CO 

.. ^H ,2 

*: 03 -g 

os® 

o 3 

^ CO 

s *03 § 

O o 
“ ^ t- 
» 75 03 

is 

o c3 5 

^ 'g 

■go I 
3 « a 
- ® 2 


-^ CO 

« J 

*N 5 


c8 


/ 


i. GOVERNMENT PRINTING OFFICE: 1951 









